Evaluation of the effect of spacing and pollarding height of Moringa oleifera intercropped with maize on growth, foliar and stems biomass production, maize yields and soil fertility improvement was conducted at Gairo (semi arid inland plateau) and Ruvu (sub-humid coastal area). Replicate trials were planted in a split-split plot design arranged in a Randomised Complete Block Design (RCBD) with three replications. Results showed that maize grain weights as affected by different spacing and pollarding treatments differed significantly (P<0.05) in third season at Gairo site while at Ruvu site nothing was harvested in second and third seasons other than stover. During first season at Gairo site, grain weight ranged from 818.90 kg/ha to 1343.19 kg/ha, while for Ruvu site grain weight ranged from 1702.13 kg/ha to 2451.69 kg/ha. Biomass decreased with increasing spacing in both sites. Increase in soil pH, available Nitrogen, available P and Electrical conductivity in two years were observed at Gairo. Moringa showed varied but good performance in the two sites and pollarding height (50 cm) and a spacing of 2.5x2.5 m led to more maize production. Pollarded foliar biomass was inadequate to improve soil fertility. Intercropping with maize was not detrimental to Moringa biomass production.
INTRODUCTION
Tanzania has a population of over 40 million people and a low per capita income. To reverse this situation, one of the major concerns of the Government is poverty alleviation and food security. Agroforestry (AF) has a very important role to play in increasing food security and hence improving nutrition and alleviating poverty (Mbwambo et al., 2006) . This is due to the fact that AF is a dynamic, ecologically based natural resource management system that, through the integration of trees on farmlands and rangelands, diversifies and sustains production for increased social, economic and environmental benefits for land users at all levels. However, success of any AF system relies heavily on the choice of suitable tree species that should offer diversity of benefits and show compatibility with food crops (Edward et al., 2006) .
Moringa oleifera, a native to northern India (Panga, 2002 ) is a multipurpose tree species suitable for fuelwood, fodder, food, medicinal and improvement of soil fertility. These properties makes the tree species a good candidate for intercropping systems (Follard and Sutherland, 1996) . While there has been some planting of Moringa oleifera in various parts of Tanzania, no systematic studies have been carried out to evaluate its management under intercropping. This study was therefore carried out in two contrasting sites (semi arid inland plateau and sub-humid coastal) to evaluate the effect of spacing and pollarding height of M. oleifera intercropped with maize on growth, foliar and stems biomass production, maize yields and soil fertility improvement.
MATERIALS AND METHODS

Study sites
Replicated trials were established in two sites: Gairo (Morogoro) and Ruvu (Coast region). Gairo is within Kilosa District, Morogoro Region (36º 45' E; 6º 0º S; 1300 m a. s. l.) along the Morogoro-Dodoma highway some 130 km from Morogoro town and 140 km from Dodoma. Climate and geology of the area is as described by Ezekiel et al. (2012) . The soil properties have been described by Mugasha et al. (2000) . The soil has low inherent fertility with sandy clay loam texture. The upper 50 cm has pH varying from 6.1-6.3, total Nitrogen between 0.11 -0.16% and Bray I available Phosphorus between 0.18-3.38 ug/g. Ruvu site is located in Kibaha District, Coast Region (6º 33' -6º 43'; 38º 48' S -39º 03' E) some 60 km from Dar-es-Salaam city along Dar-es-SalaamMorogoro highway. It is within low elevations, some 80 m a. s. l. receiving about 900 mm of rainfall per annum (Maghembe, 1979; Kindo, 2008) . Long rains fall between March and May and short rains between November -December. January and February are the hottest months (23 o C and 27 o C) having occasional minima as low as 18 o C and maxima of 33 o C. Soils are free draining, primarily sandy, sandy loam and gravel varying substantially within short distances. The top 50 cm has low pH (5 -6.5), increasing with increase in soil depth reaching extremes of pH 9.4 at 72 cm below surface (Holmes, 1988 
Experimental design
Trials were planted in a split-split plot design arranged in a Randomised Complete Block Design (RCBD) with three replications. The main factor was intercropping (no intercropping and intercropping). Factor two or sub-major plot was pollarding at four levels (no pollarding, 50, 100 and 150 cm height). Factor three or minor plot was tree spacing at three levels (2 x 2, 2.5 x 2.5, and 3 x 3 m spacing). The plot sizes were 8 x 8, 10 x 10 and 12 x 12 m for 2 x 2, 2.5 x 2.5 and 3 x 3 m tree spacings respectively. The number of trees per plot was 25.
Field procedures
Land preparation was done by clearing all vegetation using hand hoes followed by tractor ploughing and pitting (pit size: 30 cm x 30 cm). Planting was done in January and March at Gairo and Ruvu sites respectively. Weeding was done three times during the rainy season and once during the dry season.
Data collection
Assessments were carried out at ages of 6, 12, 24 and 36 months. Assessment of survival, root collar diameter (RCD), height (HT) and crown width (CW) was done in the first assessment, while biomass production was done in subsequent assessments. Maize grain weight assessment was done yearly. Height was measured to the nearest 0.01 m while RCD was measured to the nearest 0.01 cm using a veneer calliper and measuring tape was used to measure CW. Soil samples were taken from four randomly selected points at 0 -15 and 15-30cm soil depths, bulked by soil depth and by block, mixed thoroughly and sub-sampled for chemical analysis. Soil samples for site characterization were analyzed for pH, total N, available P and electrical conductivity (Anderson and Ingram, 1993) .
Data analysis
Standard analysis of variance (ANOVA) of split-split plot design was used to subject plot means of all response variables (tree survival, RCD, HT, CW, maize yields and tree biomass). Duncan's Multiple Range Test (DMRT) (Gomez and Gomez, 1983) at 5% probability level was used to separate significant means. Tree survival percentage data was transformed to arc sine values to induce normality and equal variance (Sokal and Rohlf, 1969) . 
RESULTS AND DISCUSSION
M. oleifera growth performance
Growth performance in terms of tree survival, RCD, HT and CW for different spacing treatments planted alone and intercropped with maize at Gairo and Ruvu sites are presented in Table 1 X All the interaction were not significantly different except for spacing with intercropping for HT (Ruvu Coast region) RCD and CW.
The outstanding performance in survival and growth of Moringa oleifera both in a semi arid Gairo and sub humid Ruvu confirms the wide plasticity of this species as observed in other studies (Folkard and Sutherland, 1996; Coote et al., 1997; Panga, 2002; Manh et al., 2003) . At both sites, spacing effects were not significant indicating that inter-tree competition had not yet set in while the presence of maize significantly retarded growth at both sites. The retardation of growth due to intercropping could be attributed to maximum plant inter-specific competition for growth resources as observed in other studies (Janick, 1972; Chamshama et al., 1998; Nair, 1984 Nair, 1993 Woodall et al., 2003) .
Maize production
Maize grain weights as affected by different spacing and pollarding treatments intercropped with maize are presented in Table 3 . Treatments differed significantly (P<0.05) in season 3 at Gairo site while at Ruvu site nothing was harvested in seasons 2 and 3 other than stover. During season one at Gairo site grain weight ranged from 818.90 kg/ha for 100 cm pollarding height to 1343.19 kg/ha for no pollarding, while for Ruvu site grain weight ranged from 1702.13 kg/ha for 100 cm pollarding height to 2451.69 kg/ha for 50 cm pollarding height. Means with the same letter are not significantly different.
As observed for the on-farm trials, maize yield in this study was far below the levels observed in improved fallow trials in Gairo (Chingonikaya, 1999; Mgangamundo, 2000) , an indication that other than competition for moisture and nutrients, pollarding did not provide adequate biomass to improve soil fertility for maize production and/or there was unsynchronized nutrient release from green manure due to fast decomposition common in Moringa. Up to 2 tons per hectare of foliar biomass is needed to increase maize yield to between 2 and 3 tons per hectare (Chingonikaya, 1999; Mgangamundo, 2000) .
M. oleifera foliar and stem biomass
Foliar and stem biomass for Gairo site is shown in Table 4 . For pollarding treatments, significant effects were observed during the first assessment occasion where by biomass decreased with increasing pollarding height. Except for foliage at 36 months, the trend continued during subsequent assessments though significant differences were not observed. For spacing, both foliar and stem biomass showed significant differences during all assessment occasions. Generally biomass decreased with increasing spacing. Means with the same letter are not significantly different.
At Ruvu site pollarding effects on foliar and stem biomass were not significantly different except for stem biomass at 24 months. However, the 50 cm pollarding height, maintained consistently higher biomass compared to the other treatments ( Table 5) . Spacing effects were significant at all assessment occasions, with biomass decreasing with increasing spacing (Table 5) . For intercropping treatments at Ruvu, no significant differences were observed at all assessment occasions though both foliar and stem biomass was higher for monoculture compared to intercropped plots. Means with the same letter are not significantly different.
The decrease in biomass with increasing spacing observed at Gairo and Ruvu has also been reported by Sa´nchez et al. (2006) . When assessing biomass production of Moringa species in Nicaragua, Sa´nchez et al. (2006) reported that at 12 months (750,000 plants ha -1 ) high biomass 88,000 kgha -1 was obtained while as the plants density decreased (500,000 plants ha -1 ) much lower biomass was obtained (46,200 kg ha -1 year -1 ). Bernardo et al. (1999) also noted that as spacing increases, total biomass production per hectare decreases. There are however studies that have not shown spacing effects on biomass of Moringa (Manh et al., 2005) . This could be due to site and management differences.
Intercropping effects on biomass were only significant during the first assessment occasion whereby intercropped plots had lower foliar and stem biomass compared to non-intercropped plots. No apparent trend was evident during subsequent assessments. When interactions were considered, significant effect was depicted only for stem biomass at Ruvu site (Table 6) . Monoculture treatments have shown to have bigger values of stem biomass production except for 150 cm pollarding 2.5 x 2.5 m (174.12 kg/ha) compared with intercropped treatments. After maize harvesting, Moringa stayed for about 7 months before the next biomass harvest, and this time most likely allowed recovery from maize competition effects resulting in non-significant effects between intercropped and control plots. Means with the same letter are not significantly different. All the interaction were not significantly different except for pollarding, spacing and intercropping for Stem biomass at Ruvu site.
Soil chemical characteristics
The selected soil chemical characteristics for Gairo site are presented (Table 7 ). Significant effects were not observed across all treatments. There was an increase (2006 -2007) (Mgangamundo, 2000) . This indicates that pollarding did not provide adequate biomass to improve soil fertility for maize production. Means with the same letter are not significantly different.
CONCLUSION
Generally the study showed varied but good performance of M. oleifera in the two sites in survival, height, root collar diameter and biomass production. Lower pollarding height (50 cm) and a spacing of 2.5x2.5 m led to more maize production. Pollarded foliar biomass was inadequate to improve soil fertility. Intercropping with maize was not detrimental to Moringa biomass production.
